INTRODUCTION
Ethylene and isoprene in cigarette smoke have been determined quantitatively by means of infrared and mass spectrometric (1, 2) and gas chromatographic (3, 4, 5) methods. Because of the specificity of the infrared analysis, a study was made to investigate the possibility of applying the iilfrared instrumentation to a gas phase cigarette smoke analysis which would be sufficiently rapid to permit the determination of isoprene and ethylene on a puff-by-puff basis. This paper describes such an infrared method for gas phase smoke analysis. The method can be applied to determine isoprene and ethylene deliveries per cigarette and per a specific puff. It also can be used to test filter efficiency for isoprene and ethylene removal.
EXPERIMENTAL

A. Materials and Equipment
The infrared spectra were recorded with a PerkinElmer Model 221 double-beam infrared spectrophotometer equipped with a sodium chloride prism and ordinate scale expansion. The cigarettes were smoked on a five-port syringe type smoking machine built to have a minimum dead volume. The gas phase smoke was collected and analyzed in a Perkin-Elmer onemeter gas cell. A solenoid unit between the smoking machine and the gas cell regulated the collection of smoke samples. A plastic housing unit was placed around the smoking machine to eliminate draft. Ethylene gas, 99·5°/o minimum purity, obtained from Matheson Gas Products and isoprene purchased from Eastman Organic Chemicals were used to standardize the procedure.
B. Preparation of Working Curves
11.8 J.U1l employing the 5X ordinate scale expansion. The cell was brought to atmospheric pressure with air prior to the analysis. The instrument was adjusted to the manufacturer's recommended settings. Known gaseous isoprene was obtained by placing freshly distilled liquid isoprene into an evacuated glass flask equipped with a pressure gauge and a septum through which a· predetermined amount of sample was withdrawn. The isoprene working curve and absorptivity was determined from the corrected absorbance of the 11.18 JLm band. The background correction was taken from the tangent drawn between 10.37 and 11.80 JLm ( Figure 1 ). A linear relationship between 11.18 JLm band intensity and concentration existed in the normal working range from 180 to 450 micrograms. The ethylene working curve was made by plotting the corrected absorbance of the 10.52 JLm band versus concentration taking as the background correction the line parallel to 100 °/o T from 10.37 JLm (Figure 1 ). A linear relationship between the absorbance band intensity and concentration existed in the range from 50 to 200 micrograms.
C. Cigarette Smoke Collection and Analysis
The cigarettes were smoked to the desired butt length on a five-port syringe type smoking machine set to take a 3 5 cm 8 puff per cigarette of 2 seconds duration at 6o-second intervals. The number of cigarettes smoked at one time could be varied from 1. to 5 depending on the isoprene and ethylene deliveries. The cigarettes were conditioned for moisture content prior to analysis. The smoke was drawn through a conditioned Cambridge filter pad and delivered through a solenoid valve system into an evacuated one-meter gas cell positioned in the spectrophotometer for the complete analysis. The cell was brought to atmospheric pressure with air, and the infrared spectrum was recorded from 1.0. 30 to 1.1..80 J.Ull.. It required 75 seconds to cover this region. Therefore, this method was capable of analyzing either odd or even numbered puffs. An automatic solenoid system was designed to regulate the following steps: [1. ] to evacuate the gas cell to be ready to receive the odd (even) puff, [2] to bring the cell to atmospheric pressure, [3] to remove the smoke sample from the cell without a residual sample left in the cell, [4] to discard the even (odd) puff without leaving .residual smoke in the connecting lines ( Figure 2 ). The timing diagram of the solenoid system shows the step-by-step action of the sampling procedure ( Figure 3 ). The timing sequence was as follows·:
o-2 seconds: The first puff, 35 cm 3 volume of 2 seconds duration, was taken;
2 -5 seconds: Solenoids # 2 and # 3 opened to transfer the sample to the gas cell; 86 -1.20 seconds: Solenoid # 4 opened to pump to remove puff # 1. and evacuate the gas cell;
1.00 -1.02 seconds: Solenoid # 1. opened to air to flush the gas cell;
1.20 -1.22 seconds: Puff # 3 was collected, and the cycle was repeated.
For the "even" number puff analysis, .the same sequence was followed except that this time the solenoid unit was set to discard the "odd" number puffs and collect the "even" number puffs in the gas cell. In this manner, either the "odd" or "even" number puffs were analyzed from one set of cigarettes. A second set was smoked to get the other set of puffs. The deliveries of ethylene and isoprene for each puff were calculated using the corrected absorbances of the 1.0.52 and 1.1..1.8 ~tm bands, respectively, and the absorptivities or working curves obtained from gas mixtures containing known amounts of isoprene and ethylene. The deliveries per cigarette of these two components were obtained by adding the individual puffs ..
D. Aging Effects
Gas phase cigarette smoke was introduced in the one-meter gas cell, and the contents were analyzed repetitively for ten minutes. No changes were observed in the concentration of ethylene in this period. The isoprene concentration showed no significant decrease for about three to four. minutes. After about eight minutes, however, the isoprene concentration had decreased by about 2.0 percent. No reduction in isoprene or ethylene was noted when only the pure gases of these two compounds were subjected to the same type procedure, thereby showing that the isoprene decrease in smoke was caused by reaction of isoprene with another smoke component. No adverse effects due to the isoprene reaction in gas phase smoke were present in this method because the analysis was completed in 75 seconds.
RESULTS AND DISCUSSION
The. infrared spectrum of the gas phase smoke showed a ratio difference of the :1.1.03 and :1. To verify the results obtained by the infrared technique, two different types of cigarettes were smoked, and the isoprene delivery in the gas phase was determined by a gas chromatographic technique as well as by the infrared method. No significant differences in the results from the two different methods were observed (6) . Therefore, it was concluded that the :1.1.:1.8 11m isoprene band was suitable for the quantitative determination. A minor modification in the solenoid unit coupled with installation of a plastic shield to prevent draft improved the precision of this method over values previously reported (7). The precision of this method based on ten replicate determinations of gas phase smoke from a 
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• Cellulose acetate filter cigarette
• Carbon filter cigarette 0  2  3  4  5  6  7  8  9 Puff number commercial cellulose acetate filter cigarette was 3 °/o at the 2.-sigma level for both isoprene and ethylene (Table : 1.). The results of typical analyses of isoprene and ethylene in gas phase smoke from different types of cigarettes are shown in Table 2 .. The puff-by-puff deliveries of isoprene ( Figure 4 ) and ethylene ( Figure 5 ) for a commercial carbon filter cigarette and a cellulose acetate filter cigarette showed a gradual linear increase in ethylene delivery for both types of cigarettes. The isoprene delivery for the cellulose acetate filter cigarettes also showed a gradual increase similar to that of ethylene. Isoprene, however, was removed substantially by the carbon filter on the early puffs. As the filter became poisoned by the smoke, the carbon filter efficiency decreased and the isoprene delivery increased rapidly on the later puffs. The eighth puff had an isoprene delivery comparable to that of the cellulose acetate filter cigarette. The precision for the isoprene. delivery of the carbon filter cigarette was not as good as for the cellulose acetate filter cigarettes. This was believed to be caused by the variation of the individual carbon filters. The fifth puff was found to be the most reproducible puff for both types of cigarettes. Ethylene deliveries for the lighting puff are significantly influenced by the manner of lighting the cigarette. This factor sometimes caused the values to be higher or lower than expected for the lighting puff. l'l situations where the results were needed quickly, the total deliveries of isoprene and ethylene were calculated from only the even number puffs. This was accomplished by multiplying the determined average delivery per puff from the analyzed even number puffs by the total number of puffs obtained from the cigarette. Evaluation of the data ·showed that in most cases this type of calculation of the total delivery of isoprene and ethylene in micrograms per cigarette was sufficient to obtain accurate results with a small loss in precision (Table 3 ). The total delivery values obtained from the fifth puff only showed that. the fifth puff was the most representative puff of the carbon and cellulose acetate filter cigarettes analyzed. The odd number puffs only were not considered for total delivery calculations because of the large influence of the variable lighting puff on the final values. Gas phase compounds absorbing in the 1.0.3 to 1.1..8 J.tm region would interfere with the ethylene and isoprene determination in the gas phase cigarette smoke. However, from the large number of different cigarettes smoked for this analysis, only one experimental type cigarette produced a component which prevented the ethylene and isoprene determination in its gas phase of smoke.
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SUMMARY
An infrared method was developed for the quantitative determination of ethylene and isoprene in the gas phase of cigarette smoke. The smoke was collected by smoking the cigarettes on a five-port syringe type smoking madtine and transferring it to a gas cell positioned in a double-beam infrared spectrophotometer for the duration of the analysis. The smoke transfer to the gas cell and its subsequent removal from the cell were accomplished by connecting the smoking madtine to a vacuum pump through the automated solenoid valve unit whim controlled the analysis system. In this manner any specific puff of interest could be analyzed for the ethylene and isoprene concentrations by measuring the corrected absorbance of the 1.o.5z J.tm and 1. 
